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(57) ABSTRACT

The antenna comprises a magnetic core (2), three windings
(31, 32, 33) wound around the magnetic core (2) and an
clectrically insulated base (1) on which the magnetic core
(2) wound with these windings (31,32,33) 1s arranged. The
insulated base (1) includes metallic tabs (121 . . . 128)

clectrically connected to said windings (31, 32, 33) and the
base (1) has a bottom surface with electrically conductive
plates (131 ... 138) with connection to the metallic tabs (121
... 128) and providing a layout for a SMT mounting, The
antenna comprises an electrically insulated cap (4), having
an upper surface (4U) including a metallized surface high
frequency coil (42) working as a HF antenna and a side

surface (4S), two ends (411, 412) of the coil (42) being
(Continued)
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ANTENNA DEVICE FOR HF AND LF
OPERATION

RELATED APPLICATIONS

This application 1s a U.S. national phase application of
international application No. PCT/EP2016/076530, filed 3
Nov. 2016, which designates the U.S. and claims priority to
European application EP 15192945.2 filed 4 Nov. 2015, the

contents of each of which are hereby incorporated by
reference as 1 set forth 1n their entireties.

TECHNICAL FIELD

The present invention 1s directed, in general, to inductive
antenna devices. In particular, the invention relates to a
multipurpose inductive antenna device for HF communica-
tion (carrier frequencies between 3-30 MHz) as well as for
low-frequency (LF) operation (carrier frequencies between
20-150 KHz).

Nowadays and in particular in the field of PKE (Passive
Kevless Entry) systems for the automotive industry several
devices need to include 1n a same package low tfrequency (20
kHz-150 kHz) antennas (in some cases, three dimensional
antennas or three antennas arranged orthogonally over one

single magnetic core or over three individual cores) and
these devices also need to include HF functionality (prefer-

ably Near Field Communications (NFC) functionality at
13.56 MHz.

BACKGROUND OF THE INVENTION

US-B2-U.S. Pat. No. 8,907,760, discloses a remote access
system 1n which a three-dimensional low-frequency (3D-
LF) antenna and a HF antenna are used. The 3D-LF antenna
includes three coils each oriented relative to X, Y and Z axes
that define a Cartesian coordinate system for a three-dimen-
sional space, whereas the HF antenna 1s oriented along one
of the axes of the LF coils, 1n the same antenna package as
the 3D-LF antenna. In this patent, the HF antenna 1s con-
nected close to one of the LF coils, e.g. by winding the HF
antenna around the outside of the LF coils, duly separated,
or by placing the HF antenna below and/or above the LF coil
(in particular the LF coil located parallel to the Z axes). The
3D-LF antenna 1s configured to be used 1n connection with
a LF signal of between 3 KHz and 300 KHz while the HF
antenna 1s configured to be used in connection with an HF
signal between 3 MHz and 30 MHz.

JP 2015080147 A discloses a dual-band antenna device
for a keyless entry system, comprising a single coil antenna
wound around a magnetic core and a second planar coil
antenna disposed on an insulating substrate, wherein the
second planar coil antenna 1s arranged above the first coil
antenna, and wherein the first single coil antenna and the
second coil antenna are i1solated from each other by a
ferromagnetic material sheet. This patent then integrates a
RF antenna (310 MHZ for remote opening/closing) of the
control of the key in a PKES with an antenna LF for Wake
up or RFID. Although the dual-band antenna device of this
Japanese patent application can work as a LF and as a HF
antenna, unlike the proposed antenna device, 1t cannot work
at a frequency range comprised between 3 and 30 MHz
when working as a HF antenna. Moreover, the HF antenna
of this dual-band antenna device 1s not arranged on an
clectrically insulating replaceable cap, and so not allowing
different performances of the HF antenna.
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W02015/022000 Al discloses an antenna device with
several winding wound around a magnetic core and an
adaptor arranged over the magnetic core and having an
external surface comprising electrically conductive platings
following a specific PCB layout and connected to electri-
cally conductive elements coupled to said windings.

An object of the mvention 1s to provide an improved
inductive antenna device for both functionalities (HF and LF
communications) saving components and physical space. In
particular according to the solution of this invention the HF
antenna 1s integrated in an element, a cap, that provides
protection of the elements of the LF antenna (upper part and
sides) and which can be easily replaced allowing different
embodiments of the HF antenna independently of the
arrangement of the LF antennas.

DESCRIPTION OF THE INVENTION

Embodiments of the present invention provide an antenna
device, comprising as commonly in the field, at least one
magnetic core; one or more windings wound around said
magnetic core providing a LF antenna adapted to work at a
frequency comprised 1n a range between 20 and 150 kHz,
and an electrically isulated base, on which the magnetic
core wound with the winding or windings 1s arranged. The
clectrically insulated base includes metallic tabs at least part
of which are electrically connected to said winding or
windings and the electrically insulated base has a bottom
surface with electrically conductive plates providing a lay-
out mtended for a SMT mounting, wherein at least one of
said metallic tabs of the electrically insulated base 1s con-
nected to at least one of the electrically conductive plates.

Unlike to the known antenna structure, the proposed
antenna device further comprises an electrically insulated
cap (for example a plastic cap) having an upper surface and
a side surface, at least one metallized surface high frequency
coill with two ends being arranged on said upper surface
wherein the metallized surface high frequency coil works as
an antenna and 1s electrically connected by an extended
portion of each of the two ends, arranged on said side
surface, to said metallic tabs of the electrically insulated
base. The electrically insulated cap 1s replaceable, thereby
allowing different performances of the high frequency coil
as an inductive HF antenna adapted to work at a frequency
comprised 1n a range between 3 and 30 MHz, independently
of the arrangement of the LF antenna.

For an embodiment, one metallic tab of the electrically
insulated base 1s connected to at least one winding by
welding a braided end of said winding to the metallic tab.
The electrically insulated base further comprises at least one
of said metallic tabs per winding end.

According to an embodiment, the at least one magnetic
core 1s a monolithic magnetic core, the antenna device
constituting a monolithic antenna device. Preferably, i this
case, the at least one magnetic core 1s a ferrite magnetic core,
which may be formed with a Nickel-Zinc alloy or a Man-
ganese-Zinc alloy and/or amorphous cobalt, among others.

For a preferred embodiment, the LF antenna device
comprises three windings wound about three mutually
orthogonal axis, each of said windings surrounding the at
least one magnetic core, 1.e. 3 LF orthogonal antennas for
RFID bands (20 KHz to 150 KHz) with three windings,
while the HF antenna comprises a spiral (multiple turns) for
instance for the NFC 13.56 MHz band

In a preferred embodiment the HF antenna 1s printed by
laser deposition on the plastic cap.
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The cited cap provides a protection of the wires and
connections against impacts, shocks, welding heat and
chemicals used in the assembly procedure increasing the
reliability of the multipurpose antenna device.

As far reading distance degradation of HF antennas in
proximities of metallic surface 1s well known, an interme-
diate ferromagnetic material sheet could be optionally
located between the cap and the rest of the part to insulate
the HF antenna of the cap from the rest of the device
including the LF antenna components and to prevent, if
needed, the occurrence of eddy currents and 1n this way to
improve the reading distance of the HF antenna (13.56
MHz). Besides this solution make possible to use two
different magnetic materials 1n the same device allowing
adjusting the features of each of them in order that the
quality factor Q and the sensibility of each of the LF and HF
antennas be optimal.

BRIEF DESCRIPTION OF THE DRAWINGS

The previous and other advantages and features will be
more fully understood from the following detailed descrip-
tion of one embodiment, with reference to the attached
figures, which must be considered 1n an illustrative and
non-limiting manner, 1n which:

FIG. 1 1s a perspective view of the antenna device
proposed by present invention, with two separate spaced
portions, according to a preferred embodiment;

FIG. 2 shows, by means of a perspective view, the
clectrically insulating cap of the antenna device, provided
with a metallized surface high frequency coil, seen from
above and inwardly, for an embodiment;

FIG. 3 shows, by means of another perspective view, the
proposed antenna device, 1n this case with the two portions
thereol being assembled;

FIG. 4 1s a perspective view of the electrically insulated
base of the antenna device of the invention, on which the
magnetic core 1s attached, for an embodiment;

FIG. 5 shows, by means of a perspective view, the
clectrically conductive metallic plates of the bottom of the
clectrically insulated base, providing a layout for a SMT
mounting.

FIG. 6 shows an optional intermediate ferromagnetic
sheet provided to msulate, 1f needed, the HF antenna of the
cap from the rest of the device.

DETAILED DESCRIPTION OF PR
EMBODIMENTS

L]
ay

ERRED

FIG. 1 shows a preferred embodiment of the proposed
antenna device which 1s capable of working as a radiofre-
quency antenna in low frequencies range (20 kHz-150 kHz)
as well as in HF frequencies (3-30 MHz), preferably NFC
frequencies (13.56 MHz).

For said preferred embodiment, the proposed antenna
device comprises two portions/parts, namely first 100A and
second 100B portions respectively. The first portion 100A of
the antenna device comprises according to a structure well
known 1n the field one or more magnetic cores 2, and one or
more windings 31, 32, 33 conforming an inductive antenna
tor radiofrequency applications. Different windings, done 1n
cach of the three Cartesians axis allow the antenna device
operating as a three-dimensional antenna (working in the
three axis of space). In particular, as may be seen 1n FIG. 1,
in the preferred embodiment, the antenna device includes
three windings 31, 32, 33 wound over the magnetic core 2,
orthogonally, according to the three axis of the space,
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allowing the proposed antenna device working three-dimen-
sionally. Therefore, regardless of the magnetic field direc-
tion produced by an emitter system, the antenna device 1s
able to pick the energy up and allow the communication with
the emitter system.

In addition, the first portion 100A of the antenna device
also has an electrically insulated base 1 on which the
magnetic core 2 1s fixed (through some mechanical proce-
dure, such as an adhesive joint). The mentioned electrically
insulated base 1 includes metallic tabs 121 . . . 128 for the
connection thereol with one or more of said three windings
31, 32, 33 and has a lower surface, or bottom side, including
clectrically conductive plates/plates 131 . . . 138 (see FIG. 5)
to which said metallic tabs 121 . . . 128 are clectrically
connected. Electrically conductive plates/plates 131 ... 138
allow the mounting of the antenna 1n a standard SMT
pProcess.

The connections of different edges of the three windings
31, 32, 33 are made through some soldering method (e.g.
solder t1ip, thermal compression, and conductive adhesive,
among others). Besides, the metallic tabs 121 . . . 128 are
clectrically connected with the -electrically conductive
plates/plates 131 . . . 138 allowing the use of the antenna
device 1n standard SMT assembly lines.

The second portion 100B of the antenna device comprises
an electrically insulated cap 4 that provides a mechanical
protection of the first portion 100A that covers. The electri-
cally insulated cap 4 preferably 1s fixed mechanically (e.g.
by using some adhesive joint) over the magnetic core(s) 2
and the three windings 31, 32, 33, after the connection of the
LF windings 31, 32, 33 to the metallic tabs 121 . . . 128 of
the electrically msulated base 1 being completed.

According to this invention the electrically msulated cap
4 characteristically includes in an upper surface thereot 4U,
a metallized surface high frequency coil 42 (1.e. made with
metallized tracks), providing a high frequency antenna,
preferably a NFC antenna working at a frequency of 13.56
MHz, with ends 411, 412 stretched out by some extended
portions (see FIGS. 1 and 2) over lateral sides 4S of the
clectrically insulated cap 4. Furthermore the metallized
surface high frequency coil 42 (that may be constructed to
have different number of coils depending on the desired HF
carrier frequency needed) 1s electrically connected (trough
some soldering method (e.g. solder tip, thermal compres-
s10n, and conductive adhesive, among others) by each one of
its ends 411, 412 to one or more of said metallic tabs 121 .
.. 128 of the electrically insulated base 1. It should be noted
that 1n alternatives embodiments of present invention, in this
case not 1llustrated, more than one metallized surface high
frequency coil could be included 1n the nsulated cap 4.

In this way, the antenna device consist of metallic tabs
131 . .. 138 at the bottom of the electrically insulated base
1 with a specific layout that allow the antenna device (over
soldering of the antenna device to a PCB {for instance by a
SMT procedure) to connect electrically with the different LF
windings 31, 32, 33 (20 kHz, 134 kHz, 150 kHz) and also
to the HF antenna 42 (preferably a NFC antenna working at
13.56 MHz) of the electrically msulated cap 4.

FIG. 6 also shows the optional intermediate ferromagnetic
sheet 5 to isulate HF antenna 4U of the cap 4 from the rest
of the device 100A providing a magnetic decoupling and
allowing the use of diflerent magnetic maternials 1n the same
device.

Relative permeability of this ferromagnetic sheet 5 would
be typically from 100 to 200 (for a HF antenna 42 working
for example at 13.56 MHz) and thickness of this sheet would
be typically from 0.1 mm to 0.3 mm.
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FIG. 2 shows the insulated cap 4 seen from above with
upper surface 4U (top part of FIG. 2) bearing the metallized
surface high frequency coil 42 and side surface 4S with
extended portion 411 of a first end of said metallized surface
high frequency coil 42, and seen mmwardly showing side
surface 45 with the other extended portion 412 of second
end of the metallized surface high frequency coil 42.

FIG. 3 illustrates another view of the proposed antenna
device 1n which the two portions thereol are assembled
showing the electrical connection between extended portion
411 of one end of metallized surface high frequency coil 42
and metallic tab 122 of the electrically msulated base 4.

FIG. 4 1llustrates the electrically msulating base 1 of the
antenna device, showing in detail the magnetic core 2 and
also the metallic tabs 121 . . . 128 for the connection with the
one or more windings 31, 32, 33, the metallic tabs 121 . . .
128 being 1n turn electrically connected to the electrically
conductive plates 131 . . . 138.

As for the materials used for building the antenna device,
the magnetic core 1s made as a monolithic magnetic core,
formed for example of a ferrite magnetic core such as
Nickel-Zinc alloy, Manganese-Zinc alloy, and/or amorphous
Cobalt.

The windings are, preferably, of a diameter of between
0.01 mm and 1 mm and can be made with cables enamelled
with polyurethane and (or polyamide with a heat index of
about 150° C. or higher).

A person skilled in the art could introduce changes and
modifications 1n the embodiments described without depart-
ing from the scope of the mvention as 1t defined 1n the
attached claims.

The 1nvention claimed 1s:

1. An antenna device, comprising:

at least one magnetic core;

at least one winding wound around said at least one
magnetic core providing a LF antenna adapted to work
at a frequency comprised 1n a range between 20 to 150

kHz; and

an electrically insulated base, on which said at least one
magnetic core wound with said at least one winding 1s
arranged, said electrically insulated base including
metallic tabs at least part of which are electrically
connected to said at least one winding and the electri-
cally isulated base having a bottom surface with
clectrically conductive plates providing a layout for a
SMT mounting, wherein at least one of said metallic
tabs 1s connected to at least one of said electrically
conductive plates,

wherein the antenna device further comprises
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an electrically insulated cap, arranged over and covering
said at least one magnetic core, the insulated cap having,
an upper surface and a side surface, and

at least one metallized surface high frequency coil with

two ends being arranged on said upper surface of the
insulated cap, said metallized surface high frequency
coll working as an antenna and being electrically
connected by an extended portion of each of said ends,
arranged on said side surface of the electrically insu-
lated cap to at least one of said metallic tabs of the
clectrically insulated base,

wherein the electrically msulated cap 1s replaceable and 1t

1s mechamically fixed over the magnetic core and over
the at least one winding, thereby allowing different
performances of the high frequency coil as an inductive
HF antenna adapted to work at a frequency comprised
in a range between 3 and 30 MHz, independently of the
arrangement of said LF antenna.

2. The antenna device of claim 1, wherein said at least one
metallic tab projects outwardly from at least one side of said
clectrically insulated base making electrical contact with the
extended portions of the ends of the metallized surface high
frequency coil.

3. The antenna device of claim 2, wherein said at least one
metallic tab 1s connected to the at least one winding by
welding a braided end of the winding to the metallic tab.

4. The antenna device of claim 1, wherein said at least one
magnetic core 1s a monolithic magnetic core, the antenna
device constituting a monolithic antenna device.

5. The antenna device of claim 4, wherein said at least one
magnetic core 1s a ferrite magnetic core.

6. The antenna device of claim 5, wherein said ferrite
magnetic core 1s formed with a Nickel-Zinc alloy, a Man-
ganese-Zinc alloy or an amorphous cobalt.

7. The antenna device of claim 1, comprising three
windings wound about three mutually orthogonal axes,
where each of said windings surrounds said at least one
magnetic core.

8. The antenna device of claim 1, wherein the inductive
HF antenna 1s adapted to work at a NFC frequency of 13.56
MHz.

9. The antenna device of claim 7, wherein a ferromagnetic
material sheet to insulate the high frequency coil from the
different windings 1s arranged between the cap and said at
least one winding of the at least one magnetic core.

10. The antenna device of claim 7, wherein said electri-
cally msulating base comprises at least one of said metallic
tabs per winding end.
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